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CONFINEMENT DYNAMICS IN THE REVERSED FIELD PINCH

The ZT-40M Team
Los Alainos National Lahoratory

Los Alamos, New Mexico, 87545 USA

The study of basic transport and confinement dynamics is central to the develop-
ment of the reversed field pinch (RFP) as a confinement concept. Thus, the goal of
RFP research is to understand the connection between processes that sustain the RFP
configuration and related transport/confinement properties. Recently, new insights
into confinement have emerged from a detailed investigation of RFP electron and ion
physics. These insights derive from the recognition that both magnetohydrodynamic
(MHD) and electron kinetic effects play an important and stiongly coupled role in
RFP sustainment and confinement dynamics. In this paper, we summarize the results
of these studies on the ZT-40M experiment.

ION DYNAMICS

The rapid (rompared to electron-ion equipartition) heating of ions to levels where
T, ~ T. is a common feature of the ohmically driven RFP."'? In addition, under certain
operating conditions, ion teinperature has been observed to exceed electron tempera-
ture by factors of 3 to 4.° These observations suggest that the ions are strongly heated
by non-classical processes.

Within the context of MHI, the quantity (1 - n,/n..), wiere i, and 1), are the global
resistivity deteriuined from magnetic helicity and energy balance respectively, indicates
the fraction of total input power (VI) absorbed by fluctuations in the discharge.* On
ZT-40M, this quantity is a strong function of the pinch parameter © (0 = By(a)/ -
B, ) and independently, of the rate of caurrent rise (ramping) in the discharge. For
example, under standard, “Hat-topped™ operating conditions, where @ ~ 1.4 and T, ~
T,, t1 - gu/n.) =~ 0.25. However, for conditions exhibiting strong ion heating, where
T, - 47T,,© - 1.7 1.8 and the current ramping rate is 14-19 MA/sec, (1 ye/1h)
0.4 058

The strong experimental correlation of (1 g /ye) widh jon temperature is in
dicative of fl~tuation-drives ion heating. Furthermore, strong ion heating is seen to
experimentally correlate with ‘lischarges that exhibit high levels of dynamo activity.
This dynamo or fluctuation activity can be driven by a combination of MHD and
electron kinetic eflects, and can affect bhoth the ion and electron dynamics.

ELECTRON DYNAMICS

Energetic electrons, with long collisionn] mean free prths, have consistently played
a significant role in the dynamics of the REFP edge plasimn, Their effect is essentially
nminnifest ax a large (factors of 4 to H) power flux asynunetry along the local magnetic
field that intercepts the wall and limiters, In addition to substantially aflecting wall
protection and impurity control, energetic #lectrons can have a direct effect on glohal
REP confinement.

One useful model” of energetic electron dynamies in the REP modifies the kinetic
dynamo theory of Jacobson and Moses™ to inclnde diteet electron momentui loss to
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the plasma edge. In this model, electrons are accelerated by the applied electric field in
the core region of the discharge where the component of E along B (E-B) is maximized.
A low level of magnetic field stochasticity, driven for example by radial magnetic
field fluctuations, allows the momentum of the energetic electrons to transport across
the mean magnetic surfaces to the plasima edge region, where momentum is lost by
collisional processes and direct wall/limiter impact.

The loss of electron momentum at the plasma edge directly increases the discharge
loop voltage and decreases the global energy confinement.® The magnitude of the mo-
mentum loss is dependent on the level of magnetic field stochasticity (or field diffu-
sivity), the electron-ion collisional mean-free path (A,), and the ratio of the applied
electric field (Ey) to critical field (E, = kT,/(2¢),)) in the discharge. In presently op-
erating RFP experiments, such as ZT-40M, the “non-classical” contribution to global
resiscivity by electron momentum loss may be as high as 50%. This contribution is
expected to drop in the next generation of RFP experiments (ZTH, RFX) due to
operation with reduced field diffusivity and at lower values of E,/E..

The concept of electron momentumn diffusion provides a natural link to the MHD
dominated ion dynamics described above. If energetic electrons carry a substantial
fraction of the mean current in the edge plasme= region, as preliminary measurements
on ZT-40M suggest,® then their generation and transport physics can directly effect
the mean field profiles and MHD stability of the discharge. On the other hand. the
magnetic field diffusivity that drives the electron momentum transport is directly re-
lated to MHD fluctuational activity. Tlius, there exists a natural connection hetween
MHD and kinetic process, and their associated effects on the electron and ion dynam
ics. This conceptual model of confinement provides guidance for continuing research
in the areas of RFP confinement, transport and sustainment physics.
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